Some temperate grasses have the ability to produce in their inflorescence modified spikelet structures that act to reproduce the species vegetatively. These types may be either genetically fixed or an occasional expression of environmental change.
Vivipary sometimes refers to the development of separable vegetative shoots, as in the case of Poa bulbosa, wherein florets have been transformed into bulbils. At other times vivipary refers to the germination of an embryo in situ before the fall of the seed, as in Melocalamus, the fleshy seeded bamboo from Burma.
Vegetative proliferation refers to the conversion of the spikelet, above the glumes, into a leafy shoot. These leafy shoots are not usually an effective method of reproduction in the wild, but are somewhat easier to establish under controlled conditions. Both vivipary and proliferation may produce conspicuously abnormal spikelets which the latin words vivipara and proZifera have been used to describe, usually without any further discrimination than to indicate their presence. Sometimes the enlarged lemmas are sufficiently similar to leaves to differentiate blade from sheath with a prominent collar and ligule, referred to as phyllody (the metamorphosis of spikelet bracts, glumes, lemmas or paleas, into leaves). An alternate spelling "filodia" was used by Martinez (1945) when reporting cases in Cynosurus echinatus and Eragrostis virescens. Glumes are much more stable than lemmas and paleas. The glumes usually remain unchanged but may occasionally become foliage leaves (Wycherley 1953) . The lemma is usually present and altered (always enlarged and never reduced). Yaleas are often reduced or absent. Stamens and pistils are also reduced or absent.
According
to the literature there are many causes of vivipary, proliferation, and phyllody in grasses:
(1) tration of the putative flowering hormone is required for flower induction, whereas in the seminiferous races this difference is not so great. In the viviparous races, the threshold for flower initiation is rarely exceeded so that perfect flowers appear only occasionally, while in the normally seminiferous races, the conditions arise only rarely where an amount of hormone is produced that is sufficient to initiate culms but insufficient to promote flowering. (a) excess water about the roots (b) excess shade (c) high humidity (d) submergence (e) abrupt changes in moisture, day length, or temperature (f) insufficient vernalization (4) True vivipary
Viviparous Races
Where the ranges of the viviparous races and related seminiferous forms overlap, the environment is not a primary cause of the manifestation of vivipary (Wycherley 1953) . Wycherley considered the following British grasses exhibited a degree of constancy of vivipary (1) Festuca vivipara, (2) Poa bulbosa var. vivipara, (3) Poa aZpina var. vivipara, (4) Poa jemtlandica, (5) Deschampsia caespitosa var. pseudalpina and (6) Deschampsia alpina. In addition to these British grasses genetic races have been recognized in (7) Festuca rubra, (8) Phleumpratense, (9) Poa arctica, (10) Poa sinaica and (11) Poa tolmatchewii.
Viviparous and seminiferous strains of Poa alpina were found by Muntzing (1940) to be morphologically similar and to have the same chromosome numbers (2 n = 26 and 33 plus or minus 1); he suggested that in this case the character originated by mutation.
It is doubtful if studies of present day distribution (cf. Wycherley 1954) can indicate more than a north temperate or arctic-alpine origin for genetically controlled vivipary. Some pluvial or glacial period in the past must have intensified the conditions favorable to vivipary over a relatively long period of time and in this region species of Poa, Deschampsia, and Festuca would have made similar morphological responses to environment, a good example of epharmonic form. Flovik (1938) assumed that vivipary was relatively more common in the arctic flora than elsewhere owing to the combined action of hybridization, polyploidy, and extreme external conditions.
In Poa bulbosa and close relatives and in Phleumpratense there is an appearance of both bulbous bases of the culms and viviparous spikelets. There is a less direct association of the two characters in Arrhenatherum and Melica. Poa X jemtlandica, in which non-viviparous specimens are not known, is considered to be a hybrid between P. alpina and P. flexuosa. Poa herjedalica is considered a hybrid between P. alpina and P. pratensis. Nygren (1949) suggested that the hybridization of forms with different life rhythms might be the origin of vivipary. Flovik (1938) found Festuca ovina from Spitzbergen (2n=49) to have arisen through a cross between F. rubra var. m-maria (2n=42) and F. ovina var. brevifolia (2n=28). F. ovina var. vivipara (2n = 28) from arctic Norway is regarded as having arisen from a cross between F. rubra var. arenaria (2n = 42) and F. ovina (2n = 14). A chromosomal basis for proliferation is also indicated by certain experiments in which spikes with proliferated spikelets occurred as a result of crossing wheats with 28 chromosomes with others having 42 (Biffen and Engledow 1926, according to Arber 1934) . (1930, 193 1) found that the normal, sexually reproducing Festuca ovina in Scandinavia was diploid (2n = 14), whereas the viviparous forms were triploids and tetraploids and in one case hexaploid (2n = 2 I,28 or 42). As vivipary was found to be most pronounced in the high polyploid forms Turreson suggested a relationship between polyploidy and vivipary. Flovik (1938) found viviparous Deschampsia alpina, Festuca ovina var. vivipara and Poa alpigena var. vivipara to be of allopolyploid origin.
Polyploidy

Turreson
Malformation
It is characteristic of the majority of those proliferating types which are not genetically controlled viviparous races, that they normally produce flower-bearing culms, but occasionally the spikelets in whole or in part of an inflorescence are proliferated.
While these proliferations may produce new adult plants they do not inherit any tendency to proliferate under normal conditions.
Mechanical Injury
Sometimes this type of injury is self inflicted, for example if the sheathing leaves are too tight for the rapidly developing inflorescence to free itself. The resulting vegetative anomalies have been described as "contortions" (Martinez C. 1947 ).
Pathology
Aberrations due to pathological events are numerous and usually are not related to vivipary, proliferation, or phyllody but they may cause changes which mimic them. Some are caused by rusts and smuts. Martinez C. (1945) Abrupt changes in environment have been thought to produce vivipary. In Cynosurus cristatus after long days had made some progress toward inflorescence initiation short days were applied and resulted in proliferation.
In greenhouse to field transplants Wycherley (1954) indicated that insufficient vernalization may be a cause of proliferation.
True Vivipary
An embryo may germinate before the fall of the seed only if there is no dormancy.
Pope (1940) induced this type of vivipary in barley by watering. According to Eyster (193 1) such uninterrupted growth occurs in corn with defective endosperms.
In corn Manglesdorf (1930) found that the tendency to premature germination, starting as early as the milk stage, was inheritable.
Arber (1934) cites an example in Spartina townsendii. Wycherley (1953) illustrates an example in Festuca ovina.
While Poa sinaica is closely related to Poa bulbosa and produces basal bulbils, the var. vivipara of Tackholm from Mt. Sinai is based on "germinating in the panicle" which would indicate the condition of true vivipary. 
Bromus macranthus
Desv.
An example of "filodia" is reported by Martinez C. (1944) .
Bromus purgans L.
Reported by Nielsen (1941).
Bromus unioloides (Willd.) HBK) Martinez (1945) reports malformation due to "algus insecto."
Coix lachryma-jobi L.
Normally producing a spathe below the inflorescence, but in some cultivars this leaf-like structure is completely reformed above the maturing female.
Cynosurus cristatus
A special vegetative development in the inflorescence, which I have called the 'bouquet' abnormality, can also be illustrated from the Dog's_tail:-grass; in this form, lateral axes, which are more or less naked, terminate in tufts of spikelets." Festuca rubra L. Flovik (1938) says viviparous Festuca ovina (2 n = 49) from Spitsbergen arose through a cross between Festuca rubra var. arenaria (2 n = 42) and F. ovina var. brevifolia (2 n = 28) Festuca ovina var. vivipara (2 n = 28) from arctic Norway is a cross between F. rubra var. arenaria (2 n = 42) and F. ovina (2 n = 14 It is useful ecologically and systematically to include all under one specific name." Turreson (1926 Turreson ( , 1930 Turreson ( , and 1931 Arber (1934) found timothy "near Cambridge, where these leafy 'spikes' are developed season after season; I have found them here in eight different years. The best time to look for them is between September and December. They illustrate the conservation of the outer empty glumes, which retain their normal character with sharing in the proliferation,'* (see page 385). Evans (1927) illustrated three types of proliferation (1) "proliferating florets, each having one bract enlarged to resemble a leaf. Either the pistil or stamens, or both are usually present."
Cynosurus echinatus
(2) Proliferous shoots, capable of developing directly into plants. In a proliferation of this type there are several leaflife parts, but no pistil or stamens." and (3) "spikelets with elongated rachilla." Phleum pratense var. vivipara Schur, Oestr. Bot. Zeitschr. 9: 15. 1859. from Rumania.
Phleum pratense var. viviparum S.F. Gray, Nat. Arr. Brit. El. 2: 139. 1821, from Britton.
Phleum pratense f. viviparum (S.F. Gray) Louis-Marie, Rev. d'Oka. 14: 144. f. 10, no. 3. 1940. According to Wycherley (1945) vivipary in Phleum pratense is "ephemeral"
and not leading to a "viviparous race." Martinez C. (1945) describes a "torsion de la inflorescencia."Vivipary in Phleum is reported by Tourney (1891) and Nielsen (1941).
Poa
The sections suggested for Poa have not always been totally natural. For example Poa annua clearly does not belong in the # Annuae but in the # Pratenses with Poapratensis.
Nevertheless there appears to bea certain amount of natural grouping into sections of the viviparous species of Poa. These species have been treated variously in either # Pratenses (# Stoloniferae), # Palustres, or # alpinae. According to Nygren (1950) "the hybrid between Poa alpina and Poa pratensis alpigena, named Poa herjedalica by Smith in 1920, plays a rather great role in the plant communities of the northern Scandinavian mountain range. ********* three different complexes of viviparous Poa forms occur in the Scandinavian mountains. For the first, the complex of viviparous Poa alpina, for the second that of the viviparous Poa pratensis alpigena, and for the third that of Poa herjedalica which bridges the two other complexes, by which all three complexes form a long series with transitional forms." (1950) "up to now a single hybrid combination is known for Poa laxaflexuosa, viz. the hybrid Poa alpina vivipara which occurs in Scandinavia as well as in Scotland, but which has not hitherto been found on Iceland. For many reasons this hybrid is assumed to have originated only once, and therefore it must be supposed to be very old (cf. Smith, 1920 , Nannfeldt, 1937 . P. jemtlandica is morphologically uniform all over its entire distribution area and has the chromosome number 2 n = 37 in Scandinavia, which means that a reduced female gamete with 21 chromosomes from frexuosa should have fused with a male gamete with 16 chromosomes from viviparous alpina. "
Poa iridfolia
